The surface chemistry in metalorganic molecular beam epitaxy (MOMBE) was studied by observing desorbed species with a mass spectrometer from conirolled surfaces of GaAs(100) eiposed to continuous and pulsed trimethylgallium (TMG) beams. We found that TMG molecules w-ere temporarily (for ca. lms at 546K) trapped during the initial stage of the surface reaction on clean GaAs sutfaces, although they were desorbed without a trapping from a oxidized GaAs surface (a mask for selecti_ve-area epitaxy). The trapping of TMG is considered to be essential for selective-area epitaxy. We further found that all the TMG molecules trapped on GaAs surfaces were desorbed frbm a (2x4)-teconstructed surface (0ns-0.75), while they were efficiently decomposed on surfaces with other reconstructions, such as c (4x4) We observed the TMG reaction as a function of the As coverage of GaAs(100) surfaces, which were prepared by depositing different amounts of Ga onto well-defined suifaces.T) Figure 1 shows the signal intensity for the TMG desorbed without decomposition when GaAs was exposed to a TMG flux. The dashed line in Fig. 1 represents the signal intensity for the introduced TMG flux. The distance between the dashed line and the measured signal intensi-ty in Fig. I 
I.. INTRODUCTION
Metalorganic molecular beam epitaxy (MOMBE) is applicable to the fabrication of three-dimensional structures of compound semiconductors by using a surface chemical reaction which is sensitive to the surface condition. [1] [2] [3] [4] [5] [6] In order to obtain sufficient growth controllability for realizing nanostructures, sucli as quantum wires and dots, it is necessary to understand the surface chemistry in MOMBE. We have investigated the surface reactlon of trimethylgallium (TMG) on differently prepared GaAs(100) surfaces using a mass spectrometer,z) 1y61.5 it an effective tool for in-situ observations.8) Furthermore, by using the incidence of a pulsed TMG beam, we have obtained information concerning the dynamical behavior of the surface lgngfisn.g '10) In this paper we discuss the role of the stoichiometry-dependent structure of GaAs surface in the MOMBE rcaction and the mechanism of selective-area epitaxy in terms of the surface residence tim_e_during scattering and the energy exchange between TMG molecules and surfaces during scattering. Figure 1 shows the signal intensity for the TMG desorbed without decomposition when GaAs was exposed to a TMG flux. The dashed line in Fig. 1 represents the signal intensity for the introduced TMG flux. The distance between the dashed line and the measured signal intensi-ty in Fig. I that the TMG decomposition rate is lowest on a surface with an As coverage of 0.75, and that even a small As coverage change of a few percent remarkably enhances the TMG decomposition.T)
EXPERIMENTAL APPARATUS
The structurc of a GaAs (100) On the c(4x4) and (lx6) surfaces, we observed only a small fraction of the cornponent with surface residence in the TOF spectra (Fig. 2) . This rcsult does not necessarily indicate a small density of trapping sites which generate a long surface rcsidence. We speculate that, although there exist the trapping sites also on these surfaces, molecules The rapid increase in the TMG decomposition rate caused by a change in the surface stoichiometry (shown in Fig. 1 We investigated the scattering of a pulsed TMG beam from photo-and dark-oxidized GaAs surfaces, which both act as masks of selective-area growth since TMG decomposition is suppressed on them. The photo-and dark-oxidized GaAs surfaces were prepared by exposing the (Zx )-GaAs surface to pure oxygen, with and without halogen-lump inadiation, respectively. The photo-oxidized GaAs surface has been shown to be more effective as a mask for the selective-area growth than a dark-oxidized surface. and drift velocity). In Fig. 4 , the velocity spread (a) and the drift velocity (b) obtained from curve-fitting are plotted as a function of the substrate temperature for photo-and dark-oxidized surfaces. If complete thermal equilibrium is maintained, the velocity spread would be equal to the solid line in Fig.  4(a) , and the drift velocity in Fig. a@) would be zero. On the other hand, if there is no interaction, the pulse shape of the incident beam would not change after scattering. We found in Fig. 4 . In prnctical selective-area epitaxy, complete suppression of TMG decomposition is required. We found that the energy transfer from the photo-oxidized surface to TMG molecules is small, which gives a higher suppression of decomposition. The behavior of the photo-oxidized GaAs is a favorable characteristic to the mask used in selective-area epitaxy.
(Butter-worth Heinemann, Boston, l99Z). ponent in which TMG is scattered with a velocity distribution of a translationally drifted Maxwellian. The solid line in Fig. 3 
